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Comparison of species richness of light trap-collected
caddisfly assemblages (Insecta: Trichoptera) using
rarefaction
D. SCHMERA*
Abstract. ConselVation value of light trap-collected caddisfly assembIages (InsectB.: Trichoptera) was evaluated on
the basis of their species richness. The assemblage coming from an artificial stream showed a higher conservation value
based on species richness than the natural ones. In contrast, using rarefaction, the conservation value of the assem-
blage in the artificial stream was Iower in comparison with assemblages in natural habitats. Further exampIes are given
to demonstrate the importance of rarefaction in comparing species richness of assemblages.
H uman environmenta! disturbance and its ef-
fect on biota are one of the most important
phenomena for community ecologists (pianka,
1970; Southwood, 1977). Falling biodiversity (Ju-
hász-Nagy, 1993) has been the fIrst and most
significant sign calling cur attention to changes in
structure in the biosphere. This process is of
global scale, however, could also be demonstrated
by local studies. For instance, butterfiy com-
munities at the foot of Fuji Mountains (Japan)
show sensitivity (reduction in species richness) to
human disturbance (Kitahara & Fujü, 1994; Kita-
hara & Sei, 2001). Nowadays, it is generally ac-
cepted that degradation processes could be meas-
ured through varlous community structural char-
acteristics. Among others, species richness is the
simplest measurement to indicate degradation.
Generally, a wide array of species represents a
.wen being" state of community (high conservation
value) , while law species richness does not (low
conservation value) (Magurran, 1988). This con-
ception is strongly supported in aquatic ecology,
where biotic indices (for instance Ephemeroptera-
Plecoptera-Trichoptera index) are chiefly based on
species richness (Stone & Wallace, 1998). Accord-
ingly, numerous studies have been conducted
using species richness as a measure of environ-
menta! conditions (Ivol & al., 1997; DeWalt & al.,
1999; Ruse & Herrmann, 2000; Lomond & Colbo,
2000). In addition, species richness is also com-
monly used in measuring seasonality of phy-
toplankton (Padisák, 1993) or in comparing mac-
roinvertberate assemblages in streams (Schmera,
1999; Andrikovics & Kiss, 2000; Csörgits, 2000;
Kiss & al., 2001) or carabid communities (Magura
& Tóthmérész, 1996). The number of species in a
sampie would be a proper measure of the species
richness of a studied community, however, we
scarcely are in the position to collect alI the or-
ganisms (species and individuals) in the given
community. Based on tieId observations (Gotelli &
Graves, 1996), the more individuals are sampled,
the species richness rises unti! an asymptote is
reached. Several hypothesises have been proposed
to expIain the phenomenon. The most commonly
known hypothesis include a passive sampling mo-
del, where richness is Iarger because of the
statisticalIy greater probably of sampling new
species in a large sampIe (Giller & Malmqvist,
1998). Consequently, species richness yielding
from samples significantly differing in sizes
(number of specimens) could not be compared.
Therefore, the general purpose of this study
was to demonstrate the advantages using rare-
faction in community comparisons based on
species richness. Rarefaction is a mathematical
method, thereby the species richness of com-
munities could be compared, as if their number of
individuals where the same. This method has been
used in comparing carabid communities (Magura
& Tóthmérész, 1996) or macroinvertebrate assem-
blages (McCabe & Gotelli, 2000). As species rich-
ness of stream dwelling caddisflies is strongiy de-
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Table 1. Comparison of sampling circumstances
pendent on the stream order (Wiberg-Larsen & al.,
2000) and size (Vilson & Hawkins, 1998), therefore
assembiages representing streams and rivers were
separately studied. Specifically, caddisfly (Insecta:
Trichoptera) assemblages collected by light traps
on the bank of streams and rivers were separately
compared using the collected by light traps on the
bank of streams and rivers were separately
compared using the collected number of species
and the rarefaction of each caddisfly assemblages
from own and a literature data set.
sosaprobic to alpha-mesosaprobic, Chantara-
mongkol, 1983).
The identification of Hydropsyche females is
currently not possible to species level (Malicky,
1983), so they are used as a new _species- in the
analysis. Consequently, species richness could be
increased (8+1) comparing with one in the puh-
lished data.
The rarefaction solution
MATERIAL AND ME'nIODS
Origin of the data
Six caddisfly assemblages of streams and nyers
were collected by light traps installed at the bank
of the waters (Table 1). Assemblages A and Cwere
collected at an undisturbed, nature reaches of the
streams, while assemblage B sprang from an
artificial stream «<Meleg-víz-; Uherkovich & Nóg-
rádi, 1999). «Meleg-víz- canies the warm karstic
water of a bauxite mine. Thus, in February, its
temperature does not falI below 170C even ap-
proximately 15 km away from the pumping station
(Uherkovich & Nógrádi, 1999). Rivers were re-
presented by assembiages D, E and F. Assem-
blages D and F carne from the River Danube, while
assemblage E from the River Tisza. Danube, as
other large rivers in Europe, is heavily affected by
domestic and industrial sewage, therefore its
water quality can be classified as 2-3 (betame-
The number of species shows increasing func-
tion as the number of collected individuals growth.
To solve this phenomenon, rarefaction intends to
evaluate the number of species of a theoretical
assemblage defined by its number of individuals.
Consequently, assemblages differing in number of
individuals can be compared in a way, as if their
number of individuals were the game. The
rarefaction could be calculated on the basis of a
probabiy calculation or randomisation. The ex-
pected number of species of a theoretical com-
munity could be evaluated on the basis of the
theoretical number of individuals and on the basis
of the relative abundance vectors of the realistic
community (Hulbert, 1971; Tóthméresz, 1995):
sr
ES(m) = ST -L(l-pi)m
;=1
where ES is the expected number of species at m
theoretical number of individuals, while pi is the
relative abundance of the í-th species in the
realistic community characterised by ST species.
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Figure 1. The comparison of species richness of stream assemblages (A, B and C) using rarefaction
Table 2. species richness and number ofÚ1dívidua/s of the studíed assemblages
Assem blage Species richness Number of individuals
A 53 8065
B 62 90506
c 34 1395
D 26 831
E 27 6164
F 48 22882
RFSULTS
Species richness of stream dwelling caddisfly
assembJages
Among the stream assembiages, the species
richness of assembiage B is the highest followed
by A and C (Table 2). Based on the measurement
of species richness, the assemblage of an artificial
stream represents a high conselVation status,
while the nature ones do not. Stream dwelling
caddisfly assemblages showed the following rank
of species richness obtained on the basis of
rarefaction measured through probably: assem-
blage A had the highest estimated species rich-
ness followed by C and B (Fig. 1). Using rarefac-
tion with randomisation, significant difference was
found in stream assembiages between species
richness of assembiage A and assembiage B and
between assemblage B and C, respectively (Table
3). No significant difference was found between the
species richness of assembiage A and C (Table 3).
At each comparison, ES was calculated be-
tween m =10 to min(Nj), where Nj represents the
number of individuals of j assemblage (Table 1).
ES(m) was calculated using the DIVORD computer
program (Tóthmérész, 1993, 1994).
Unfortunately, such a kind of evaluation of
species richness makes it impossible the statis-
tical comparison of difIerent assemblages, as only
the expected number of species with the highest
probably is given. By comparison of two as-
semblages using randomisation, the assemblage
(x) represented by higher number of individuals
was rarefied to the abundance level (number ofindividuals, 
aj of the smallest assemblage (y) 1000
times in the following way: a individuals were
randomly sampled from the assemblage x (Gotelli
& Graves, 1996). In each case, the number of
species will also be obtained. Thereby, mean and
variance of the expected number of species of
assemblage x could be obtained at the abundance
level of the assemblage y. The difIerence between
the two values could be calculated on the basis of
the normaI distribution (Gotelli & Entsminger,2001). 
Randomisation and the mean and varlance
of the expected number of species were caIculated
using the ECOSIM computer program (Gotelli &
Entsminger, 2001). The difIerences between the
two values were calculated on the basis of the
probably distribution calculator of STATISTICA
computer program (StatSoft 2000).
Species riclmess of river dwelling caddisfly
assembJages
Comparing species richness of assemblages
carne of the rivers, assemblage F is the most
valuable one followed by E and D, respectively
ífable 2). However, caddisfly assemblages coming
from the rivers show the following rank after rare-
80
Schmera: Species richness of azddisjly assemblages
Table 3. Expected number of species of stream assemblages (observed value ís given as mean::!: variance,
NS denote non significant dífference, *** means highly significant (p<0. 001) dífference}
Assem blage Rarefied to the abundance level of
assembiage A
Rarefied to the abundance level of
assembiage C
observed value signit1cance observed value significance
37.6 :t 5.1
18.4:t 4.9
NS
A
32.8 ::t: 7.8
.-
B
..
Table 4. Expected number of species of river assemblages (obseroed value is given as mean ::t va1Íanre,
NS denote non.significant difference, *** means highly significant (p<O. 001) difference}
AssembIage Rarefied to the abundance level of
assemblage D
Rarefied to the abundance level of
assemblage E
obseIVed value signitlcanceobserved value significance
...14.3:1: 3.4
9.9:1:4.1
E
27.5:t7.3F .-
faction: assemblage D has the highest estimated
species richness at alt m values followed by E and
F (Fig. 2). The curve of E and F cross each other,
therefore the rank of the estimated species rich-
ness depends upon the abundance level (number
of individuals) , at which the comparison would
made. In river assemblages (Table 4), significant
difference was found between assembtages D and
E and between D and F. No significant difference
was found between assemblages E and F.
DISCUSSION
domisations could not conf1rm the obtained rank
as no significant difference was found between the
species richness of assemblage A and C. By
comparing assemblages representing rivers,
species richness indicated the reversed order than
on the basis of rarefaction (F>E>D vs. D>E---Fj.Consequently, 
if conselVation value would be
measured through the number of species or
number of expected species, different solutions
could be obtained. For instance, even though
species richness indicated the highest conselVa-
tion value of an assembiage coming from an
artificial stream, rarefaction rejected this assump-
tion indicating another rank of conselVation value.
Obviously, the differences between the two
approaches (species richness and rarefaction so-
lutions) carne chiefiy from the differences in
number of individuals (sarnpling effort, Table 2)
and from the distrIbution of individuals arnong
species (abundance). For instance, white assem-
biage B was represented by 90,506 individuals,
assemblage C by only 1,395. While at a small as-
sembiage size, the presence of a rare species was
small, in a big one it was higher. Therefore, a
Species richness is the simplest way to
describe community or regional diversity (Magur-
ran, 1988). Species richness shows sensitivity to
human activity (Kitahara & Fujü, 1994; Kitahara
& Sei, 2001), therefore, it can be used as a
measure of conservation value.
The comparison of species richness in stream
assemblages showed the B>A>C rank, while on
the basis of rarefaction using probably calcula-
tions A>C>B. However, rarefaction based on ran-
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specific species-individual curve could be ob-
tained: number of species grows as the number of
collected species increases (Magurran, 1988). The
concept of rarefaction was efficientiy used in com-
parison of species richness of stream macroinver-
tebrates (McCabe & Gotelli, 2000) or in compar-
isDn of number of passerlne hird species at dif-
ferent territorial pairs (Gjerde & Saetersdal, 1997).
In addition, Gjerde & Saetersdal (1997) noted that
diversity indices, like Shannon (H1 or Símpson's
index (D), could not always be used in comparison
of diversity of communities.
In spite of its ímportance, ecologists do not
always consider the effects of abundance and
sampling effort on species richness measures and
comparisons. Overall, rarefaction solution allows
for meaningful standardisation and comparison of
datasets (Gotelli & Colwell, 2001). This study de-
monstrated that using rarefaction in comparison
of assembiages with great differences in number of
individuals was recommended.
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